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ABSTRACT 
A general review of fixation disparity and Panum's 
fusional areas preceeded a more specific discussion of 
vertical fixation disparity. Included were a summary of 
factors affecting fixation disparity, symptomatology and 
methods of prescribing for vertical imbalance. The Butler 
test was compared with the AO Nearpoint Vectographic Card 
#1 regarding their ability to detect induced vertical mis-
alignment. Results of the parametric statistics, using a 
t-test, indicated that there was no significant difference 
between the two methods in detecting vertical misalignment. 
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IN'rRODUCTION AND HISTORY 
The fixation of an individual attempting to look at a 
s~ecific target is not exact. The eye has been demonstrated 
to be in constant oscillatory motion called physiological 
nystagmus in both monocular and binocular vision. However, 
we do not perceive targets at which we are looking as oscil-
la ting back and forth. 'The visual mechanism has the ability 
to integrate sensations resulting from the oscillatory stimu-
lation of several points in the retin!:t ::.r:d thus also several 
points of area 17 of the visual cortex. The resu~tant 
percept of the object being fixated is that it is single, in 
one direction only, and perfectly stationary. In binocular 
vision, this dir ectional integrative ability is the basis 
for the phenomena of Panum's fusional areas and of binocular 
. 1 
stereopsls. 
r~li s ability of the visual mechanism to integrate. into 
a single percept, neural activity arriving at separate points 
in area 17. provided they are not separated too greatly, also 
permits the phenomenon of fixation disparity. Fixation 
disparity is a minute strabismus existing in normal single 
binocular vision. The foveal lines of fixation do not inter-
sect at the object upon which exact fixation is being 
attemuted. 2 
Panum (1858 ) was probably the first to demonstrate that 
a percept of singleness will result in binocular vision even 
if the optical images of an object fall on non-corresponding 
part s of the two retinas, provided that the disparity f r om 
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stimulation of corresponding points is not too great. The 
angular disparity which can exist and still allow singleness 
has been called ?anum's fusional area. ·:rhe size of these 
fusional areas varies from individual to individual and with 
the area of the retina being tested. The best estimates of 
the size of Panum's fusional area near the center of the 
fovea vary from 6 to 15 minutes of arc. Much higher values, 
up to 30 or 40 minutes of arc, are found only 10 or 15 
degrees away from the foveas.3 
The amount of fixation disparity which can occur in any 
stimulus situation is limited by the size of the smallest 
Panum's fusional area being stimulated binocularly. When 
the inexactness of motor fusion exceeds the radius of Panum's 
fusional area, diplopia will occur. While the existence of 
Panum's fusional areas allows fixation disparity to occur, 
only under conditions of extreme stress to the motor fusional 
mechanism does the magnitude of fixation disparity approach 
the size of Panum's areas. 4 
Only occasionally will the measured disparity in the 
vertical meridian exceed 5 or 6 minutes of arc. In the 
horizontal meridian much larger deviations are common, and 
even usual when the forced vergence of the eyes is near the 
limits of convergence and of divergence. The size of Panum's 
areas of fusion is thought to be less in the vertical than 
in the horizontal meridian, and this may account for the 
difference found.5 
For the vertical meridian, Ogle and Prangen (1953) 
assumed that the fixation disparity is a manifest effect of 
opposition of the muscular tonicity, or innervational stress, 
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involved in the synergy for vertical movements and the tonic-
ity, or stress, from the compulsion to fusion. The latent 
divergence of the eyes implied in this difference is held 
in check by synergistic tonicity. Yet the visual axe s of 
the eyes can actually deviate by a small angle from correct 
pointing and fusion of the images is maintained. When the 
eyes are forced into a vertical divergence by prisms by the 
fusion compulsion mechanism, they move into that divergence 
against the tendency of the muscles to maintain normal 
pointing of the eyes. This tendency to normal pointing 
offers the resistance to the forced vertical divergence. As 
the strength of this resistance increases, the fixation dis-
parity increases. When this resistance is equal to or 
greater than the maximal strength of the innervations from 
the fusion reflex, diplopia occurs. 6 
Measurements which so far have been reported in the 
literature have been subjective. That is, the subject whose 
fixation disparity is measured observes a fusion target and 
aligns two monocularly seen measuring marks. 7 The amount 
of prism necessary to bring about alignment is known as 
the associated phoria. 
The following out line of the factors which influence 
fixation disparity is one of several possible organizations. 
I. Factors which permit a fixation disparity. 
A. ?anum's areas. 
B. Blur of retinal images. 
II. Factors which change the magnitude of the disparity. 
A. Motor. 
1. Fusion vergence, whether created by a 
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phoria, prisms, or lenses. Increased 
vergence increases fixation disparity. 
2. Fusional strength or efficiency. 
Increased efficiency decreases the 
fixation disparity. 
J. Compensation. Compensation decreases 
fixation disparity . 
.B. Sensory. 
1. Dissimilar ocular images: increase 
in fixation disparity. 
2. Blur: increases fixation disparity. 
J. Visual size of fusion field. An increase 
in size decreases fixation disparity. 
4. Loss of foveal fusion: increases 
f . t' d' 't 8 1xa 1on 1spar1 y. 
Symptomatology and Fixation Disparity 
If we assume that all cases of uncompensate d he terophoria 
exhibit fixation disparity in a normal visual environment, it 
follows that the presence of fixation disparity in a patient 
will be accompanied by symptoms, although there are exceptions 
to this rule and these have lead some practitioners to 
question the validity of the technique.9 
Assuming that the fixation disparity test has been properly 
performed with all the usual precautions to avoid spurious 
breakdown of binocularity, the presence of fixation disparity 
does mean that part of the heterophoria is outside the proper 
control of the fusional reserves. This usually results in 
symptoms of one sort or another, especially if the imbalance 
is a vertical one, but some cases remain symptom free. It 
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must be remembered that the severity of symptoms is relative 
and peculiar to any particular person. The patient with a 
life-long history of low grade eye ache may become so accus-
tomed to its continual presence that he regards it as normal. 
At the other end of the scale, the introspective patient 
might complain quite bitterly of a similar, but transient, 
f . f 10 degree o d1scom ort. 
According to Kern's study11 , the symptoms elicited and 
frequency of the symptoms of vertical imbalances are as 
follows: stiff and sore neck muscles (72.7%), motion sick-
ness (63.7%), headaches (54.5%), diplopia (54.5%), burn-
stinging of eyes (27.2%), skipping lines while reading (18.1%), 
photophobia (9.0%), loss of depth perception (9.0%), blur 
due to fusion (9.0%). 
Methods of Prescribing for Vertical Imbalance 
Briefly we will review the various techniques that have 
been used in the past for determining such prescriptions. 
Maddox12 advised prescribing the vertical prism to correct 
about two-thirds of the vertical deviation. Giles 1 3 advised 
correcting three-fourths of the amount of vertical hetero-
phoria as disclosed at the near point. 14 Emsley recommended 
prescribing the refractive condition alone and if symptoms 
persisted to prescribe a prism to correct two-thirds of the 
full amount of the deviation. Duke-Elder15 advised presribing 
for the hyperphoria disclosed, less perhaps one-half diopter. 
. 
16 d . . th f 11 t f th . . Bor1sh a v1sed correct1ng e u amoun o e dev1at1on 
if such correction balanced the vertical vergences. The 
authorities cited above did not advise correcting hyperphorias 
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of less than one diopter. Tai17 advised prescribing the 
amount of vertical prism which requires the patient to use 
only one-fifth of his vertical fusional amplitude to oppose 
the deviation. Morgan18 was ofthe belief that the amount of 
prism that levels the two monocularly seen halves of the 
field should be prescribed. This is only a small sample 
of "solutions" that have been offered. Kerns contends how-
ever, that fixation disparity best demonstrates the physic-
logical stress and strain on motor-fusional components and 
is the best means of determining the prescribable vertical 
. 19 prlsm. 
Assuming we accept Kerns' contention that fixation 
disparity is the best means of determining the vertical 
prism prescription, then it is advantageous to have a sensi-
tive test to detect vertical fixation disparity that can be 
incorporated within the routine binocular examination. For 
example, a test for binocular balance which at the same 
time can detect vertical fixation disparity would fill these 
requirements. In 1980, Butler21 proposed a new procedure 
for near binocular balance and also suggested that it was 
a sensitive detector of vertical fixation disparity. 
In order to test the validity of Butler's nearpoint 
binocular balance technique in regards to detection of verti-
cal fixation disparity, we compared its ability to detect 
vertical misalignment with that of the American Optical Near-
point Vectographic Card #1, which is a nearpoint binocular 
balance card that has been widely accepted and used in c lini-
cal practice for binocular exams and can also be used to 
detect vertical fixation disparity. 
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METHODOLOGY 
I. Subjects 
Twenty Pacific University Optometry student volun-
teers, ranging from 20 to 35 in age served as subjects. 
Of these twenty, ten were males and ten were females. 
Subjects were selected on the basis of the following 
criteria: 
A. Visual acuity of at least 20/20 at 40 em. O.D., 
0. s., 0. u. 
B. Uncorrected anisometropia and/or uncorrected 
cylinder not more than .50 diopter. 
(Criterion A and B have been selected on the 
basis of Ogle's20 statement that fine discrim-
ination tasks, such as vertical fixation dis-
parity measurements, require good binocular 
balance and visual acuity of at least 20/20. 
Decreased acuities or unbalanced acuities were 
said to reduce the binocular performance and 
therefore reduce the accuracy of the measurement. 
C. Absence of any eye disease, eye injury, eye 
surgery, strabisffius, amblyopia, or aniseikonia. 
II. l\1a terials 
Two targets were used in this study, each of which 
measured the amount of prism required to neutralize the 
induced vertical fixation disparity. The American 
Optical Nearpoint Vectographic Card (Figure J) along with 
polaroid filters were used as one target. Measurements 
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were also taken with the Butler test, (Figure 1) utilizing 
occluders to prevent right and left portions of the target 
from being seen binocularly. rhe same phoropter was used 
for both measurement procedures. 
III. Procedure 
Each subject was initially tested for eye dominance 
with the standard hole in the card sighting technique. 
Acuities were then measured at 40 em. O. D., O.S., O.U. 
through the habitual lenses with the reduced Snellen 
chart. Standard nearpoint illumination was maintained 
during all testing. At this point, plus lenses were 
added monocularly until blur out of the 20/20 line was 
reported. Plus power was then reduced in .25 diopter 
steps until the subject reported first recognition of 
the 20/20 letters. This lens power was recorded and the 
amount of anisometropia was noted in order to comply 
with subject selection criteria. Subjects meeting this 
criteria we re then tested with the two methods being 
compared in this study. Ten of the subjects were given 
the AO Vectograph test before the Butler test, while 
the other ten were given the Butler test first. This 
provided counterbalancing to prevent progressive error 
due to fatigue, boredom, etc. 
The Butler test set-up consisted of a presentation 
of the reading card at 40 em. and placement of the 
occluders into position. The habitual.prescription which 
provided at least 20/20 visual acuity O.D., O.S., O.U. 
was in nlace at this time. The occluders prevented right 
and left portions of the target from being seen binocularly. 
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Approximately the left 5/8 of the card was seen by the 
right eye and the right 5/8 of the card was seen by the 
left eye. One fourth of the card in the central section 
delineated by two vert~cal lines was seen binocularly 
(Figures 1,2). The occluders were placed at an appro-
priate distance depending on the subject's interpupillary 
distance. The reading card was placed at 40 em. to simu-
late a customary reading distance for adults. (Butler 
described the use of an overlay consisting of two trans-
parent red rectangles placed over the reading card to 
provide additional fusion cues in case of fusion problems, 
but we did not need to use th8+ additional procedure on 
any of the subjects we tested.) 22 We then added two 
prism diopters base up before the dominant eye with the 
Risley prism in order to induce a small fixation disparity 
without disrupting fusion of the binocularly seen portion 
of the target. The subject was told to report any 
"doubling" of the letters or of the vertical lines in 
order to make sure that fusion was always present on the 
binocularly viewed central portion of the target. The 
subject was instructed to report any misalignment of 
adjacent words or letters in the 0.62 M paragraph. When 
misalignment was reported, a Risley prism placed before 
the nondominant eye was used to measure the amount of. 
vertical prism needed to produce alignment. A bracketing 
system was used whereby vertical prism measurements were 
taken supra and infra producing a sequence of misalign-
ment, alignment, misalignment, alignment repeated three 
times on each subject. The six prism readings which 
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nroduced al i gnment were estimated to .25 ':;rism diopters 
and recorded (see data). For data analysis the mean of 
the three supra findings was included along with the 
mean of the three infra findings for each subject. The 
American Optical ~earpoint Vectographic Card #1 (Figure J) 
which served as a control in Butler's initial paper23 on 
binocular balance techniques wa s a lso presented at the 
customary 40 em. reading distance with the subject's 
habitual prescription in place. Polaroid filters present 
in the phoropter were utilized along with the polaroid 
chart in order to produce the effect of some letters 
being visible to the right eye only or the left eye only, 
with a fusion target seen binocularly. The subject 
was instructed to view the upper portion of the chart 
which is divided into left and right monocular portions 
and a central binocular area. Two prism diopters base 
up was then added before the dominant eye with Risley 
prisms in order to induce misalignment of the monocular 
nortions of the chart. Once again the fusion cues on 
the chart were utilized to insure that each subject 
maintained binocularity at all times during measurement 
of the misalignment. When subjects reported misalign-
ment of the 20/20 line, the bracketing system utilizing 
a measuring prism before the nondominant eye was performed 
as described for the Butler test in order to determine 
the amount of vertical prism necessary to produce realign-
ment, supra and infra. 
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RESULTS DISCUSSION AND CONCLUSIONS 
Our study design of related measures on a small sample 
size enabled us to use a parametric measure, the t-test, to 
analyze the significance of possible differences between 
results obtained for the two tests. The ability to detect 
misalignment was analyzed by noting the difference in power 
between the two prism diopter base up misalignment prism 
over the dominant eye and the measuring prism power over the 
nondominant eye which produced the report of alignment. For 
example, if alignment was reported at 1. 25 base up/2. 50 base 
up (averaged figures), data analysis would use the figures 
.75/.50 for that subject. (These figures are recorded with 
calculations in the data section.) The figures indicated 
the maximum amount of vertical prism under which alignment 
was seen. Any additional prism power produced a vertical 
misalignment. The AO Vectograph and Butler test were thus 
analyzed for significant differences in their ability to 
detect vertical misalignment. Using the calculations24 
outlined in the data section, we arrived at the t-test value 
of -.767. This t-value indicated that there is no significant 
difference between the results of the two tests at the .20 
alpha level and continues to show no significant difference 
until we reach the very low alpha level of .50. 25 This 
im~lies that there is a high correlation between the ability 
of the two tests to detect vertical misalignment. Although 
these statistics indicate that the Butler test is as sensitive 
as the AO test in detecting misalignment induced by a two 
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prism diopter Risley prism, further studies with subjects 
demonstrating true vertical fixation disparity are needed 
in order to determine the actual level of sensitivity of the 
test. Butler suggested that .50 prism diopter produced mis-
alignment of the monocular portions of the card but this 
was not demonstrated by the subjects in our study. 
Neither of the tests compared in this study are suggested 
as techniques to measure the actual amount of vertical fixa-
tion disparity present. Rather, it is suggested that they 
can be used in the initial detection of vertical fixation 
disparity which may then lead to more precise testing. It 
may not be practical to devote the amount of time required 
to set up and administer t he more precise tests on each 
patient. Therefore, these detecting tests, which are incor-
porated into tests used routinely during each binocular 
examination, can be used as important indicators as to which 
patients should be measured more precisely with special 
techniques. 
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DA'rA 
OD/OS 
Name 21 Recovery Butler Test AO Test 
1. T T +1.75/+1.75 1.00/2.50 0.00/1.50 
1.00.2.25 J • 50/2.25 
1. 00/2.50 1.50/2.75 
2. K C . +2.25/+2.00 2.00/2.00 1. 50/2.25 
2.00/2.00 1.75/2.00 
2.00/2.00 1.75/2.00 
3· D M +2.00/+2.00 1.00/2.00 0.50/2.00 
1.50/2.50 0.50/2.00 
1.50/2.50 0.50/2.00 
4. C R +2.25/+2.50 0.50/2.00 1.00/2.00 
l.00/2.00 0.50/2.00 
0.50/2.00 0.50/3.25 
s. p c +2.75/+3.00 1.00/3.00 0.50/2.00 
1.50/1.50 0.50/2.25 
1.50/2.00 0.50/2.00 
6. p p + 3. 25/+ 3. 50 2.25/3.00 0.25/2.00 
2.25/3.00 0.50/2.00 
1. 50/J. 25 0._50/2.25 
7. G K +J.25/+J.OO 0. 75/1.75 0.50/2.25 
1.00/2.25 0.50/2.50 
0.75/2.75 1.00/2.50 
8. ~E G +2.25/+2.00 1.00/J.OO 0.00/2.50 
1. 25/3.00 0.50/2.50 
i.OO/J.OO 0.50/2.50 
9. E E +2.25/+2.50 1.00/J.OO 0.00/2.50 
2.00/3.25 1.50/2.75 
1.75/2.00 1.50/2.75 
10. D S +2.00/+2.0J 1.00/2.50 1. 50/2.50 
2.00/2.50 1. 75/2.00 
1.50/2.00 2.00/2.00 
11. L G +2.00/+2.00 1.75/2.00 1.50/~. 00 
2.00/2.50 1.75/2.00 
1. 50/2.00 2.00/2.00 ' 
12. L S +2.50/+2.75 1. 25/2.25 1.00/2.00 
1.50/2.25 1.25/2.00 
1.50/2.00 1. 50/2.25 
1 J. s p +J.OO/+J.OO 1.00/2.00 1. 25/2.00 
1.00/1.75 1.25/2.00 
1.00/2.00 1. 00/1.75 
14. _g B +2.250+2.25 2.25/2.50 1.75/2.25 
2.00/2.25 1.75/2.25 
2.00/2.25 1. 75/2.25 
15. R B +2.75/+2.75 1.00/2.25 2.00/2.75 
1.25/2.25 2.00/2.75 
1.25/2.50 2.00/2.75 
- 18-
16. D B +2.50/+2.50 0.00/1.75 0.00/2.00 
0.50/1.75 0 . 00/2.00 
0.50/2.00 0.50/1.50 
17. J J +2.25/+2.50 1.25/1.25 1.00/1.00 
1.25/1.25 1.00/1.00 
1.25/1 .50 1. 00/1.25 
18 . S I +2.00/+1 . 75 1. 2)/1.50 1.00/2.00 
1.25/1.75 1.00/1.75 
1.00/1.75 1.00/1.50 
19 . K M +2.25/+2.00 1 . 00/2.00 1.00/2.00 
1.00/2.25 1.00/2.00 
1.50/2.25 1. 25/1.75 
20. S M +2.50/+2.25 2.00/2.50 2.00/2.'10 
2.50/2.75 1. 50/2 . 50 
1.50/2.75 1.25/2.50 
-19-
CALCUlATIONS 
Subject # Butler AO D D2 
1 1.0/4.2 .50/.17 .501.25 . 25/.0625 
2 0/0 ·33/.08 -·33/-.08 .109/. 0064 
3 .67/.33 1.50/0 -.83/.33 .689/.109 
4 1. 67/1.50 1.50/.08 .17/.42 .0289/.176 
5 0/1.08 1.58/.08 -1 . .58/1.0 2.49/1.00 
6 .67/.17 1.50/.08 -.8)/.09 .689/.0081 
7 ·33/.25 1. 33/.50 -1.0/-.25 1.0/.0625 
8 .92/1.0 1.67/.50 -.?5/.50 .562/.25 
9 .08/.75 .67/.67 -·59/.08 .J48/.0064 
10 .75/.50 .67/.25 .08/.25 .0064/.0625 
11 . 25/.17 .25/0 o/ .17 0/.0189 
12 .67/.17 .75/.08 -.08/.09 .0064/.0081 
13 1.0/.08 .83/-.08 .17/.16 .0289/.0256 
14 .83/.33 0/.83 .83/-.50 . 689/.250 
15 1.67/-.17 1. 83/-.17 -.16/0 .0256/0 
16 .75/-.49 1.0/-.92 -.25/.41 .0625/.185 
17 .83/-.33 1. 0/-.25 - .17/-.08 .0289/.0064 
18 . 83/.17 .83/-.08 0/.25 0/.0625 
19 -.33/.67 .42/.33 -·75/.32 .0563/.102 
20 -. 08/.33 .25/.25 -. :22L· o8 .1o2L· oo64 
£5 = -2.39 'ii = 9.60 
1. ct2 = ~ D2 - (~ D)2 3. na - sd 
N 2 0 - ;rN 
9.60- ~-2. ,:22 ) .4 :;: = zro ~0 
= 9 .1+6 = .0780 
=j J:. ct2 mean difference ,.., Sd 4. t = std error of mean diff, L ' 
N-1 (sd) 
- l:z_. 4"b- mean di f'f. = -
2469= -.0598 
- ~ 39 t = -.Ql)Q8 
.0780 
= .493 
-.767 = 
~-level t- score 
.20 1. 307 
.50 .681 
- 20-
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